Abstract. Monthly composite images from the global coastal zone color scanner (CZCS) data set are used to provide an initial illustration and comparison of seasonal and interannual variability of phytoplankton pigment concentration along the western coasts of South and North America in the Peru Current system (PCS) and California Current system (CCS). The analysis utilizes the entire time series of available data (November 1978 to June 1986 to form a mean annual cycle and an index of interannual variability for a series of both latitudinal and cross-shelf regions within each current system. Within 100 km of the coast, the strongest seasonal cycles in the CCS are in two regions, one between 34° and 45°N and the second between 24° and 29°N, each with maximum concentrations (>3.0 mg m3) in MayJune. Weaker seasonal variability is present north of 45°N and in the Southern California Bight region (32°N). Within the PCS, in the same 100-km-wide coastal region, highest (>45°S) and lowest (<20°S) latitude regions have a similar seasonal cycle with maximum concentrations (>1.5 mg m _3) during the austral spring, summer, and fall, matching that evident throughout the CCS. Between these regions, off northern and central Chile, the seasonal maximum occurs during JulyAugust (austral winter), contrary to the influence of upwelling favorable winds. Within the CCS, the dominant feature of interannual variability in the 8-year time series is a strong negative concentration anomaly in 1983, an El Niflo year. The relative value of this negative anomaly is strongest off central California and is followed by an even stronger negative anomaly in 1984 off Baja California. In the PCS, strong negative anomalies during the 1982-1983 El Niflo period are evident only off the Peruvian coast and are evident there only in the regions 100 km or more from the coast. Although negative anomalies associated with the El Niflo were not present at higher latitudes (more than approximately 20°S) in the PCS, the extremely sparse sampling weakens our confidence in the results of the interannual analysis in this region. An upper estimate of the systematic winter bias remaining in the global CZCS data after reprocessing with the multiple scattering algorithm is given in the appendix.
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Introduction
A major oceanographic characteristic of eastern boundary currents (EBCs) is the presence of recurring wind-driven coastal upwelling Physical forcing introduces nutrient-rich subsurface water into the upper water column, resulting in increased phytoplankton production and concentrations. Large, multidisciplinary and multiyear programs such as Previous comparisons between the dynamics of different eastern boundary currents [e.g., which relied on in situ data were, by necessity, restricted in the time and space scales they could address and rarely had access to temporally coincident data from the different regions. The repetitive, large-scale synoptic views offered by satellite observations are well suited for estimating the temporal and spatial scales of variability of near-surface oceanographic characteristics. Over the last decade, satellite images of ocean color from the coastal zone color scanner (CZCS) have revealed many of the larger-scale time and space features of biological variability of the California Current system (CCS) [Abbott and Zion, 1987; and some details of structure within the Peru Current system (PCS) [e.g., .
Substantially fewer CZCS data were collected over the PCS.
Sufficient images are available, however, to obtain a first approximation of the major seasonal features that are evident in the available satellite ocean color data. Although biased by missing data toward certain years and months, they allow a general comparison of the larger-scale temporal and spatial variability of phytoplankton biomass in these two Pacific eastern boundary currents. In this paper we present and compare the mean seasonal and interannual variability of phytoplankton pigment concentrations along the west coasts of North and South America in the Peru and the California Current systems. The time series of CZCS data includes 1982-1983, a period with a particularly strong El Niflo event . The analysis is offered as a general summary and synthesis of the larger-scale temporal and spatial features which can be deduced from the available CZCS data, flawed though that data set may be by poor sampling and potential bias. A more complete analysis of features on these time and space scales awaits the arrival of additional and hopefully more complete data from future color sensors, such as the sea-viewing wide-field sensor (Sea WiFS), supported by in situ measurements.
Major features of the temporal variability in the California
Current have previously been shown by and Strub [1989, 1990] and compared to wind forcing by . A detailed description and analysis will not be repeated here. However, a recalculation of this variability in the CCS, warranted by the recent availability of the complete, global, reprocessed CZCS data set , is made and presented. These data were processed utilizing a multiple scattering algorithm in the atmospheric correction , which reduces the errors caused by large solar zenith angles (high latitudes in winter months). In section 2 we summarize characteristics of the CZCS data and details of the analysis methods. In section 3 we present the mean seasonal variability in the two EBCs and an analysis of interannual variability in the PCS and CCS over the 8-year extent of the CZCS data set. A comparison and discussion of patterns evident in the two EBCs is made in section 4, and a summary and conclusions follow in section 5. The appendix presents an empirical estimate of magnitude of the systematic errors which might remain in the global CZCS data set owing to uncorrected atmospheric scattering at high latitudes in winter.
Data and Methods
The ocean pigment concentration measurements presented here are from the coastal zone color scanner instrument aboard the Nimbus 7 satellite. The entire CZCS data set has been reprocessed ] using a standard epsilon value and a multiple Rayleigh scattering algorithm in the atmospheric correction. One of the products of this reprocessing is a set of global fields of pigment concentration with a spatial resolution of 20 km, composited within calendar months. This image set was subsampled to provide two time series of 92 monthly images each, extending over the entire CZCS lifetime, from November 1978 to June 1986 . One series covers the Peru Current region from 6°t o 51°S, and the second covers the California Current region from 21° to 48°N. Gordon et al. [1983a] estimated the accuracy of the CZCS-derived pigment measurements to be log(chlorophyll) ±0.5 (i.e., within a factor of 2 in concentration). A comparison of CZCS data with ship measurements off southern California showed the satellite data to be ±40% within the chlorophyll concentration range 0.05-10.0 mg m
Although the multiple-scattering algorithm used in processing the global data set improves the concentration estimates, especially at higher latitudes during winter months , a systematic bias may still be present. This bias, as well as other systematic and random errors associated with the CZCS data set, is discussed in more detail by and is not repeated here. An upper estimate of the magnitude of the possible winter bias in the data is given in the appendix. Efforts were made in the reprocessing of the data set ] to account for sensor degradation over the life of the sensor [Gordon et al., l983b; .
The mean seasonal cycle in pigment concentration over the entire latitudinal extent of the PCS and the CCS was calculated. An overall mean image for each calendar month was formed by compositing all available images for a given month to form a 12-month series. These images are used to provide a qualitative description of spatial and temporal patterns over the year as well as regional differences within each EBC. Subsampling each of the mean monthly images by averaging within 100 x 100 km boxes oriented by the coast allows a quantitative analysis of these seasonal patterns and aids in filling regions of missing data due to clouds.
The location of these boxes is shown in Figures la and lb. As with any data set, quantitative interpretation is subject to the errors and bias of the measurements (outlined above). In the vicinity of the highly complex coastline off southern Chile, a smoothed coastline oriented along the western side of the islands was used. Despite these spatial and temporal averaging procedures, some regions of the PCS still had missing data in some months. Missing data within a box in any month were supplied by spatially averaging the concentrations from the boxes equidistant from the coast and immediately to the north and south for the same month.
Total missing data supplied in this manner were less than 5% of the total matrix of 1836 data points (12 months x 3 offshore zones x 51 alorigshore boxes).
Previous analyses of interannual variability in the California Current using CZCS data Strub, 1989, 1990; have shown that the coverage is generally sufficient to resolve features on time scales of a month or less. The CZCS data set for the Peru Current is much less complete. To produce a time series allowing examination of interannual variability of the PCS over the lifetime of the CZCS, large-scale temporal and spatial averaging is necessary. This averages over gaps in the data set due to clouds and/or lack of collection effort but obviously reduces the amplitude of shorter time scale events. To accomplish this, 8-month composite images temporally centered on the midpoint of summer in each hemisphere were formed within each year of data coverage. For the California Current, the 8-month summer composite image in each year is of months March through October. For the Peru Current, the 8-month composite image was formed from the months September ]. The analysis is offered as a general summary and synthesis of the larger-scale temporal and spatial features which can be deduced from the available CZCS data, flawed though that data set may be by poor sampling and potential bias. A more complete analysis of features on these time and space scales awaits the arrival of additional and hopefully more complete data from future color sensors, such as the sea-viewing wide-field sensor (Sea WiFS), supported by in situ measurements.
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The ocean pigment concentration measurements pre- calculated. An overall mean image for each calendar month was formed by compositing all available images for a given month to form a 12-month series. These images are used to provide a qualitative description of spatial and temporal patterns over the year as well as regional differences within each EBC. Subsampling each of the mean monthly images by averaging within 100 x 100 km boxes oriented by the coast allows a quantitative analysis of these seasonal patterns and aids in filling regions of missing data due to clouds. The location of these boxes is shown in Figures la and lb. As with any data set, quantitative interpretation is subject to the errors and bias of the measurements (outlined above). In the vicinity of the highly complex coastline off southern Chile, a smoothed coastline oriented along the western side of the islands was used. Despite these spatial and temporal averaging procedures, some regions of the PCS still had missing data in some months. Missing data within a box in any month were supplied by spatially averaging the concentrations from the boxes equidistant from the coast and immediately to the north and south for the same month. Total missing data supplied in this manner were less than 5% of the total matrix of 1836 data points (12 months x 3 offshore zones x 51 alongshore boxes). Previous analyses of interannual variability in the California Current using CZCS data Strub, 1989, 1990; 8 years in each study region. For the CCS, the 1986 composite is from March to June, and for the PCS the [1978] [1979] composite is from November to April. Quantitative analysis of interannual variability in pigment concentration was carried out by subsampling and spatially averaging within these 8-month composite images to derive mean concentrations. These were calculated over each of four latitudinal zones extending 400 km or more alongshore. An annual anomaly was formed by subtracting the overall mean concentration (the mean of the 8-month period over all 8 years) for each zone from the concentrations found in each year. The sample zones are oriented by the coastline in the same manner as the smaller boxes used above for the seasonal cycle. To illustrate cross-shelf differences in interannual variability, each latitudinal zone was subdivided into three 100-km-wide areas, and a separate mean was calcu- The solid lines show the three 100-km-wide strips parallel to the coasts extending offshore and the extents of four regions used to illustrate interannual variability. The dashed lines indicate the system of 100 x 100 km boxes used to spatially average the image data for presentation of mean seasonal cycles.
is substantially less. In many months, some areas of the PCS are represented by only 2 to 3 years of data, and a few areas in some months remain completely unsampled. Lack of coverage is most severe during months of austral winter (June, July). These images are composed of data from only 1-2 years.
Plate 1 shows that concentrations greater than 2.0 mg m are found within approximately 40 km of the coast throughout the year and throughout the latitudinal range of the CCS study area. High concentrations (>1.0 mg m3) extend farthest from shore off northern and central California (approximately 340 to 43°N) and to a lesser degree off Baja California (south of 30°N). Higher pigment concentrations remain most closely associated with the coast throughout the year in the California Bight and southern California regions.
High concentrations (>1.0 mg m3) appear to extend farthest from shore in November, December, and January, forming a diffuse pattern off northern and central California with no strong zonal gradients. Although these values from late fall and early winter may continue to be contaminated by incompletely removed atmospheric effects , in the appendix we estimate the maximum magnitude of such errors to be less than 0.15 mg m3 south of 40°N, rising to 0.4 mg m3 or less at 48°N. In February these highest concentrations are closer to shore in this region, but in March they appear to extend up to 700 km offshore again, as shown by . In April the diffuse pattern of offshore higher concentrations appears to consolidate closer to the coast. By May the highest concentrations are within approximately 200 km of the coast, and a relatively sharp frontal gradient separating higher pigment concentrations from very low offshore concentrations is established. In June this gradient takes on a scalloped shape off Of note is the fact that no winter maximum is found in the Southern California Bight in the reprocessed CZCS global data set. This is in contrast to previous analyses, which used data processed with the single Rayleigh scattering atmospheric correction and found a winter maximum .
Concentrations over the latitudinal range of the California Current shown in Figure 4a are, on average, approximately 0.5 mg m higher than those reported by St rub etal. [1990] . This difference is due principally to three factors: the use of the entire CZCS data set to calculate concentrations shown here rather than the use of a subset as was done previously; the use of the reprocessed global CZCS data with a multiple [Bakun and Nelson, 1991] and surface temperature climatologies indicate strongest upwelling (coldest surface temperatures) in winter , it seems most likely that chlorophyll concentrations remain high during winter, spring, and summer, although the data here document only the spring and summer periods well. Along the northern Chilean coast between 18° and 33°S, concentrations are less than 0.5 mg m from November until April (austral spring through fall). Concentrations greater than 1.0 mg m are present only in July and August (winter), centered at 28°S. In a third region, between 33° and 45°S, concentrations less than 1.0 mg m3 are present from January through March (summer). Maximum concentrations (>2.0 mg m3) in this latitudinal region are reached in May (fall) and again in July (winter), with concentrations greater than 1.5 mg m persisting (except in October) at 37°S from June until December (winter and spring). South of 45°S the seasonal cycle appears similar to that at the lowest latitudes, with minimum concentrations (<1.0 mg m3) in austral winter (MayJuly) and concentrations greater than 1.5 mg m3 during spring, summer and fall. In the zone 100-200 km offshore (Figure 5b in JuneAugust (winter), and concentrations remain above 0.5 mg m3 throughout the year. In this offshore zone any seasonal cycle has a relatively small amplitude between 17°a nd 23°S. Between 23° and 41°S, however, there is an austral winter maximum with concentrations greater than 1.0 mg m present in July. Increased concentrations (>0.5 mg m _3) associated with this maximum begin earlier and persist increasingly longer at higher latitudes within this region. In the region south of 43°S, the seasonal cycle appears similar to that at the lowest latitudes, with highest concentrations present in early spring and summer (AugustOctober, JanuaryMarch) and an indication of lower concentrations (<0.5 mg m _3) during austral fall and winter (April through July), although the data for most of this latter period are few. The offshore zone 200-300 km from the coast (Figure Sc) shows the same seasonal and latitudinal patterns described above, with concentrations approximately 0.5 mg m less than those in the zone 100-200 km offshore.
Interannual Variability
While details of interannual variability on time scales as short as 15 days are sometimes possible to resolve in the California Current system , the sparse CZCS data set over the Peru Current prevent all but the most coarse estimate of interannual variability (even these are suspect, but they represent all that can be done with the CZCS data set). The concentration anomalies are for the 8-month temporal means within each year, centered in midsummer, within each of the four alongshore oriented zones shown in Figures la and lb, as described in section 2. These anomalies provide an index of interannual differences in the relative pigment concentrations over the time span of the CZCS data set for the summer period. Because two latitudinal zones within the PCS show maximum seasonal values in midwinter, a second anomaly was calculated for the PCS using an 8-month mean centered in (austral) midwinter. These means are therefore over a period identical to that for the CCS anomaly calculations. Figure 6 shows the pigment concentration anomalies for four latitudinal regions within the CCS (Pacific Northwest, central California, the Southern California Bight, and Baja California) for each of the three 100-km-wide zones extending offshore. Within these latitudinal regions the patterns of interannual variability are similar, but the amplitude decreases with increasing distance of the zones from shore. A second general feature is the reduced relative amplitude of anomalies in the two lowest latitude regions (Southern California Bight and Baja California). Common to all regions is a negative anomaly in 1983, in agreement with previous studies [Ffedler, 1984; The interannual variability of pigment concentration along the South American coast is shown in Figure 7 for the four latitudinal regions and three cross-shelf zones shown in Figure lb . In discussing the interannual variability off Chile, it is important to note that the anomalies during the 1983 El Niflo are based on only one data point (1 month within the 8-month averaging period). Given the scatter of monthly data points during periods when more than one are available, the most reasonable conclusion is that the available data in the global CZCS data set are insufficient to document the 
While details of interannual variability on time scales as short as 15 days are sometimes possible to resolve in the California Current system ], the sparse CZCS data set over the Peru Current prevent all but the most coarse estimate of interannual variability (even these are suspect, but they represent all that can be done with the CZCS data set). The concentration anomalies are for the 8-month temporal means within each year, centered in midsummer, within each of the four alongshore oriented zones shown in Figures l a and lb, as described in section 2. These anomalies provide an index of interannual differences in the relative pigment concentrations over the time span of the CZCS data set for the summer period. Because two latitudinal zones within the PCS show maximum seasonal values in midwinter, a second anomaly was calculated for the PCS using an 8-month mean centered in (austral) midwinter. These means are therefore over a period identical to that for the CCS anomaly calculations. etal., 1987; suggests that current structure and/or wind-driven physical forcing can dominate seasonal patterns, at least within this EBC, and that seasonality is low within the Southern California Bight. Figure 5 suggests that such generalities might be extended to the PCS and that seasonality is also low within and immediately south of the large bight formed near the Peru-Chile border. While a similar mean seasonal cycle, albeit with a strongly varying amplitude, is apparent throughout most of the latitudinal range of the CCS studied in this paper (Figure 4 In the CCS, the time-latitude evolution of the pigment concentration in the 0-to 100-km region closest to the coast (Figure 4 ) is similar to the time-latitude evolution of alongshore wind stress and offshore wind stress curl discussed by . This is consistent with the hypothesis that higher surface pigment concentrations are associated with coastal and offshore upwelling . Based on climatological wind data, this does not appear to be true over much of the PCS. Figure 8 shows the 10-year (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) mean wind stress seasonal variability within 3-month periods over the PCS. These data are based on daily wind stress data from the European Centre for Medium-Range Weather Forecasts (ECMWF). Wind stress over the PCS is persistently upwelling favorable from 6° to 32°S, in agreement with Bakun and Nelson [1991] and similar to the CCS equatorward of approximately 36°N. Between 34° and 50°S, the wind stress over the PCS reverses itself seasonally, with the most seasonal variation between 34° and 44°S, again similar to the CCS north of 38°N.
Comparison of the wind and pigment seasonal cycles in the PCS shows that over Peru, northern Chile, and central Chile, pigment concentrations do not have an obvious relationship to wind forcing such as that seen in the CCS. The region where the surface pigment concentrations are maximum in (austral) fall, winter, and spring is either the region (approximately 32° to 42°S) where winds have a strong seasonal cycle (most upwelling favorable in summer and downwelling favorable in winter) or the region (20° to 32°S) where winds are persistently upwelling favorable with little seasonal variation. Along the northern Chilean coast, the CZCS data show that in a region where winds are upwelling favorable throughout the year, pigment concentrations remain very low at all times along the coast. This pattern contrasts strongly with that evident in the CCS even within the same latitudinal region (Baja California). Even within 20 km of the coast off northern Chile, concentrations in Plate 2 and Figure 3 appear relatively low from November through April. This argues against a simple coastal trapping of high pigment values which may be missed by the 100-km-wide averaging boxes. In the northern region off Peru (equatorward of 18°S), where pigment concentrations are high in winter, spring, and summer with a distinct minimum in fall (AprilJune), the winds are, again, upwelling favorable throughout the year. A wider analysis of oceanographic variables in this region by shows that high pigment concentrations in spring ( Figure 5 ) are associated In the CCS, the time-latitude evolution of the pigment concentration in the 0-to 100-km region closest to the coast (Figure 4) is similar to the time-latitude evolution of alongshore wind stress and offshore wind stress curl discussed by . This is consistent with the hypothesis that higher surface pigment concentrations are associated with coastal and offshore upwelling . Based on climatological wind data, this does not appear to be true over much of the PCS. Comparisons between the time series of concentration anomalies in the CCS and the PCS (Figures 6 and 7 ) allow some general statements of differences and similarities. Most significantly, visual inspection indicates that interannual anomalies of pigment concentration in the PCS are not correlated with those in the CCS. Unlike the CCS, interannual anomalies in the four regions along the latitudinal extent of the PCS do not have a common characteristic. In addition, most of the strongest relative anomalies in the PCS are positive, whereas strong, and often the strongest, anomalies in all regions of the CCS are negative. Only in the highestlatitude region of southern Chile and in the 100-to 200-kmoffshore zone off Peru do relatively strong negative anomalies occur.
A common feature in these EBCs is present in the Peruvian coast region. The year 1983 appears as a negative anomaly (Figure 7 ), especially strong in offshore zones, as it does throughout the CCS. Anomalous oceanographic conditions associated with a major El Niflo event were present throughout the CCS in [e.g., Simpson, 1983 Rienecker and Mooers, 1986] .
Although the strongest anomalies in sea surface temperature (SST) along the South American coast associated with this El Niflo occurred north of approximately 20°S  Rasmusson and Wallace, 1983], positive SST anomalies occurred at least as far south as 40°S . Results presented here ( Figure 6 ) agree with previous work showing that pigment concentrations in the CCS during 1983, especially in regions more than 50 km offshore, were anomalously low. In a time series of transects off the Peruvian coast, Barber and Chavez [1983] show a similar response to the El Niño, with maximum reduction in chlorophyll concentrations and longest temporal persistence of this condition in areas more than 50 km offshore. In the three highest latitude regions of the PCS, the El Niflo year of 1983 is slightly positive and does not appear anomalous in the 8-year time series (for both the winter and summer anomalies). This result must be treated with caution because of the relatively sparse data over the PCS and also the smoothing effect of the temporal mean. The 8-month mean for 1983 (September 1982 to April 1983) is heavily weighted toward September because of missing data, and this is early in the El Niño episode, especially at higher latitudes . This is not true, however, for the (austral) winter 8-month mean anomaly also shown in Figure 7 , where the entire period MarchOctober is relatively well represented. This period, however, is obviously weighted by months after the maximum El Niflo anomalies when near-surface nutrients and chlorophyll concentrations were recovering to normality . Thus it seems likely that the CZCS missed the maximum amplitude of the 1982-1983 El Niho signal at higher latitudes in the PCS.
Summary and Conclusions
In the California Current system, the seasonal cycles of surface pigment concentrations recalculated using the recently released global CZCS data confirm the conclusions of : there is a summer maximum in most locations closest to the coast, with a very weak seasonal cycle in the Southern California Bight. The present analysis extends this pattern to show a summer maximum off Baja California. This seasonal evolution is consistent with the hypothesis that wind-driven coastal and offshore upwellings are responsible for the summer maxima in surface pigment concentrations.
The present analysis of the global data set also includes the winter months for the first time. These data show an offshore extension of pigment concentrations greater than 0.5-1.0 mg m in a diffuse pattern off central and northern California and extending north. This offshore extension of higher pigment concentrations creates a winter maximum in the seasonal cycle for regions more than 100 km offshore at these higher latitudes. A winter maximum is consistent with that seen by between 250 and 40°N in an analysis of seasonal cycles evident in Secchi disk depths along 180°W in the central North Pacific. It is also consistent with large sedimentation rates recorded 100-300 km offshore of Cape Blanco (43°N) in winter and spring 1988 , which were attributed to plankton productivity characteristic of the coastal regions. Both the CZCS seasonal distribution and its magnitude in these offshore regions agree with chlorophyll concentrations greater than 1.0 mg m3 in FebruaryMay reported by for distances more than 50 km from the coast of Washington and greater than 0.51 mg m3 in NovemberDecember reported by for the outer southern British Columbia continental shelf. Although the cause of the diffuse offshore maxima in winter remains to be determined, winter surface nutrient concentrations presented by are high enough to support phytoplankton growth, and previous analysis by indicates that light may not be limiting, at least in late winter, at these latitudes.
The analysis of interannual variability shows a common feature throughout the CCS to be low values in 1983, following the strong 1982-1983 El Niflo. These low values persist through 1984 off Baja California but are followed by the major peak in the 8-year record off the Pacific Northwest. Although lack of data for the Peru Current system somewhat reduces our confidence in the results of the analysis, the available CZCS data do suggest fundamental differences in the seasonal cycles of the two EBCs and point to important oceanographic questions which need to be addressed with future data sets. The seasonal cycle south of 45°S shows a summer maximum, which may be consistent with wind forcing, providing one of the few similarities to the CCS. Between 17° and 45°S, however, maximum values occur in austral winter, despite the fact that climatological winds are either persistently upwelling favorable (off northern Chile) or cycle between conditions favorable (austral summer) and unfavorable (austral winter) to wind-driven upwelling (off central Chile between 30° and 40°S) [Bakun and Nelson, 1991] Comparisons between the time series of concentration anomalies in the CCS and the PCS (Figures 6 and 7 ]. This is not true, however, for the (austral) winter 8-month mean anomaly also shown in Figure 7 , where the entire period March-October is relatively well represented. This period, however, is obviously weighted by months after the maximum E1 Nifio anomalies when near-surface nutrients and chlorophyll concentrations were recovering to normality . Thus it seems likely that the CZCS missed the maximum amplitude of the 1982-1983 E1Nifio signal at higher latitudes in the PCS.
$. Summary and Conclusions
In the California Current system, the seasonal cycles of surface pigment concentrations recalculated using the re- Although lack of data for the Peru Current system somewhat reduces our confidence in the results of the analysis, the available CZCS data do suggest fundamental differences in the seasonal cycles of the two EBCs and point to important oceanographic questions which need to be addressed with future data sets. The seasonal cycle south of 45øS shows a summer maximum, which may be consistent with wind forcing, providing one of the few similarities to the CCS. Between The analysis of interannual variability off South America shows a decrease in relative pigment concentration in offshore zones off the Peru coast (lowest latitudes) after the 1982-1983 El Niño. This parallels observations within the CCS during 1983 which show that maximum differences due to El Niflo conditions were offshore and that very nearshore pigment concentrations remained high . This pattern is also in agreement with in situ observations from a cross-shelf transect at 5°S presented by Barber and Chavez [1983] . Off Chile, the historical CZCS data are too sparse to document interannual variability with any confidence.
The most robust result of our analysis concerns the seasonal cycle off Chile between 30° and 40°S, where the spring-summer data coverage is best and where the seasonal increase in upwelling-favorable winds is greatest during the same period (OctoberMarch). Here, pigment concentrations in the 100 km next to the coast only briefly exceed 1.5 mg m3, dropping below 1.0 mg m3 in summer. This contrasts to values greater than 3.0-4.0 mg m during spring and summer within 100 km of the coast in the region of seasonality in upwelling-favorable winds off California. Thus forces other than large-scale seasonal wind forcing appear to dominate the seasonal cycles of surface pigment concentration over large portions of the PCS.
The significance of this difference goes beyond the phytoplankton response to local wind forcing. It raises the question of whether the surface signature of the phytoplankton standing stock (as seen from a satellite) can be used as an indicator of the overall productivity of the coastal ocean system at the higher trophic levels. The productivity of the coastal ocean off Chile, as measured by the harvest of phytoplankton-eating fish species (anchovies and sardines), is reportedly 5 to 20 times greater than that off California (P. Smith and R. Parrish, personal communications, 1992) . The harvest of predator fish species such as jack mackerel is also large. Why, then, do the satellite color data suggest much lower surface concentrations of chlorophyll (and phytoplankton)? Are the phytoplankton located deeper in the water column than the satellite can see? Is it possible that higher concentrations of phytoplankton exist in a very narrow nearshore region difficult to resolve in this relatively low spatial resolution data set? Do very high primary productivity rates maintain the fishery, with biomass being so heavily grazed that higher concentrations either do not build up or do not spread offshore? These are questions that the CZCS data set can only pose. Answers rely on the combination of future field data and more reliable satellite color data.
Thus, acknowledging the relative lack of data, the time series of CZCS data suggest that there are fundamental differences in the seasonal variabilities of surface pigment concentrations in the Peru and California Current systems, even though large-scale wind forcing is similar. A more complete understanding of this variability and its relation to wind forcing, upwelling, and horizontal transport within these current systems will be possible only when a more complete data set becomes available. As always, the need for in situ observations over a wide range of spatial and temporal scales is tantamount. In the future, combinations of pigment data from SeaWiFS (and other) sensors, current data from TOPEX and other altimeters, and wind data from scatterometers should clarify the relationships glimpsed only partially and imperfectly with the CZCS data set.
Appendix
The diffuse pattern of surface pigment concentration values, shown stretching far offshore in Plate 1 and Figure 4 , is similar to the pattern caused by the single Rayleigh scattering atmospheric correction used in previous versions of the CZCS data, although much lower in magnitude (hereinafter referred to as SJTA). Although the global CZCS data set uses the multiple Rayleigh scattering algorithm [Gordon etal., 1988; , it is natural to wonder how much systematic error may still be caused by incompletely corrected atmospheric scattering at high sunsatellite angles (high latitude, winter).
SJTA developed a technique for estimating this error empirically for the previous data. That technique is repeated here. The assumptions of the technique are that (1) the error increases monotonically with latitude; (2) the error should have the greatest magnitude at times around the winter solstice; and (3) winter values of pigment concentration far offshore are uniformly low, without a monotonic increase with higher latitude.
The technique simply uses the CZCS pigment concentration values in a north-south band far from the coast in an empirical orthogonal function (EOF) analysis and examines the space and time series for the properties listed as assumptions 1 and 2 above. Since SJTA used data from the West Coast time series, which extended only 5° from the coast, they formed a 2.5°-wide band separated from the coast by 2.5° of longitude. The first EOF accounted for 71% of the Although the global data set is not restricted to the region near the coast, there are more data for that region. For this reason and in order to facilitate a comparison to the results of SJTA, the technique was applied to the global data set in two latitudinal bands: one based on 1° latitude by 2.5°l ongitude blocks separated from the coast by 2.5° of longitude, and another based on 1° latitude by 3.0° longitude blocks separated from the coast by 5.0° of longitude. The data are from the first 4 years of the global data set (1979) (1980) (1981) (1982) The significance of this difference goes beyond the phytoplankton response to local wind forcing. It raises the question of whether the surface signature of the phytoplankton standing stock (as seen from a satellite) can be used as an indicator of the overall productivity of the coastal ocean system at the higher trophic levels. The productivity of the coastal ocean off Chile, as measured by the harvest of phytoplankton-eating fish species (anchovies and sardines), is reportedly 5 to 20 times greater than that off California (P. Smith and R. Parrish, personal communications, 1992). The harvest of predator fish species such as jack mackerel is also large. Why, then, do the satellite color data suggest much lower surface concentrations of chlorophyll (and phytoplankton)? Are the phytoplankton located deeper in the water column than the satellite can see? Is it possible that higher concentrations of phytoplankton exist in a very narrow nearshore region difficult to resolve in this relatively low spatial resolution data set? Do very high primary productivity rates maintain the fishery, with biomass being so heavily grazed that higher concentrations either do not build up or do not spread offshore? These are questions that the CZCS data set can only pose. Answers rely on the combination of future field data and more reliable satellite color data.
Thus, acknowledging the relative lack of data, the time series of CZCS data suggest that there are fundamental differences in the seasonal variabilities of surface pigment concentrations in the Peru and California Current systems, even though large-scale wind forcing is similar. A more complete understanding of this variability and its relation to wind forcing, upwelling, and horizontal transport within these current systems will be possible only when a more complete data set becomes available. As always, the need for in situ observations over a wide range of spatial and temporal scales is tantamount. In the future, combinations of pigment data from SeaWiFS (and other) sensors, current data from TOPEX and other altimeters, and wind data from scatterometers should clarify the relationships glimpsed only partially and imperfectly with the CZCS data set. Others may draw their own curves and conclusions, but we estimate any error caused by these systematic processes to be less than 0.1-0.4 mg m in winter at latitudes between 40° and 50°N and negligible at other times and latitudes less than 40°N. This is supported by data from the Peru Current system (Figure 5) , where values remain less than 0.5mg m3 in winter at latitudes of 45° to 51°S in the band farthest from the coast.
The analysis also provides another look at the latitudinal structure of the offshore winter maximum indicated by Whether these maxima are a result of advection of pigment or pigment byproducts from closer to the coast or represent local production is not known. Whether these maxima are a result of advection of pigment or pigment byproducts from closer to the coast or represent local production is not known.
